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Abstract 
 
A problem of splinter formation during machining the AC47000 alloy high pressure die casting has been experimental investigated. In 
order to establish the reason of this occurrence a set of 200 high pressure die casting of the tensile strength samples have been prepared. 
The tensile tests were carried out using a Zwick Z050 universal testing machine. JM-SPC program has been used for statistical analysis of 
test results. A large variability of tensile strength results has been found.  In order to find the reason of this variability the fracture surface 
investigations (macrographs for all of samples and SEM micrographs for chosen  samples) have been carried out. It has been establish that 
in all cases a significant decrease of tensile strength was caused by presence of inclusions or porosity. 
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1. Introduction 
 
It is well know that by machining of Al-Si high pressure die 
casting some kinds of defects, as porosities and shrinkage, may be 
to  disclosed  [1,  2,  3].  By  threading  or  canting  of  AC44200 
(Al11Si) alloy high pressure die  casting  some defects have been 
occurred  as machining splinter [2, 3]. In the parallel work [4] it 
has been explained that this machining splinter formation can be 
joined with oxide film inclusions.  About oxide film nature and 
properties many interesting works have been by Campbell et al 
published [5, 6, 7, 8, 9]. Mentioned authors have been assumed 
that  for  casting  defects  arising  is  responsible  so-called  young 
oxide film formed during short time (when stream is transferring 
via the runner system to enter the mould cavity).  The oxide film 
produced on the melt free surface can be easily broken up and 
incorporated  into  the  liquid  aluminum  alloy.  Mechanical 
properties of oxide film as well as the oxidation rate are strongly 
dependent on alloy composition.  
Oxidation of pure aluminium melt start by the rapid formation 
of an amorphous alumina layer. After an initial incubation time, 
mentioned alumina changes to crystalline  - alumina slowing the 
rate of oxidation. Finally  the  - alumina converts to  - alumina, 
which has a lower volume [9]. 
Alloying  elements  in  the  molten  aluminium  can  influence 
both the rate of oxidation and the mechanical properties of oxide 
film  by  incorporation  of  them  into  the  oxide  layer.  Silicon, 
copper, zinc and iron have minimal effects on the oxidation rate 
of  melt  surface  whereas  magnesium,  sodium,  selenium  and 
calcium  increase  this  reaction  [9].  All  of  alloying  elements 
decrease  cohesion  of  oxide  film  decreasing  too  the  tensile 
strength.  By  metallurgical  processes  and  by  pouring  the  oxide 
film layer is continuously subjected to deformation forces. It is 
expected that aluminium oxide film being a ceramic has little or 
no plasticity, so it will fracture when subjected to tension [9]. 
Alloying elements influence  also the gas dissolution in Al-Si 
alloys [11], they can also influence the porosity of casting. 
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All  of  them  can  cause  an  another  mechanism  of  machining 
splinter formation in AC47000 alloy high pressure die casting as 
by AC44200 alloy (described in [4]). In order to proof this thesis 
a set of experiments have been realized in which a tensile strength 
of the AC47000 alloy high pressure die casting samples have been 
examined (like in [4] by  AC44200 alloy). It was assumed that 
sample should crack in a place  weakened by pores or inclusions, 
which can explain the reason of machining splinter formation. 
 
 
2. Experimental procedures and results 
analysis 
 
By  the  AC47000  alloy  (Al11SiCuFe)    all  of  experimental 
procedures have been realised as in the case of AC44200 alloy, 
but in the holding furnace (electrical resistance furnace)  the alloy 
temperature was kept on an level about 695 C. 
Like  in  [4]  the  JM-SPC  program  [10]  has  been  used  for 
statistical  analysis  of  variability  of  tensile  strength  results.    In 
order  to  find  the  reason  of  this  variability  the  fracture  surface 
investigations (optical macrographs for all of samples and SEM 
micrographs for chosen  samples) have been carried out. In same 
cases, in order to determine  a chemical composition of clearly 
complex big inclusions the  EDS-X-ray microanalysis has been 
utilized.  
The variability of obtained tensile strength results is by using 
of following control charts presented (Fig. 2): an average values 
chart (coupled with an individual values chart),  an median values 
chart (coupled with a range chart). The control limit lines being 
visible  on  all  of  the  charts    are  as  so-called  three  sigma  line 
drafted  (the  quasi-normality  of  analyzed  distribution  has  been 
confirmed by quantile-quantile chart (see right hand diagram on 
Fig. 2a). The charts: Xsr, M, R are presented the run line of mean 
value for 100 sets of 2 measurements each (two test samples from 
each  of  100  cast).  The  X-chart present  the  run  line  all  of  200 
measured tensile strength.  
From run of all the lines it can be seen the great variability of 
examined tensile strength at all. Mentioned variability have place 
between  all  running  results  (standard  deviation  for  all  results 
S=22,53 MPa) as well as between the results obtained for two 
samples  cast  in  one  cycle.    A  quantitative  analysis  of  tensile 
strength  variability  of  two  samples  obtained  by  one  cast  (two 
pieces mould cavity, see Fig. 2) is easy by examination of the R-
chart (Fig. 2b). From this chart it can be namely concluded that 
the average difference between tensile strength of two together 
cast samples  was about 14 MPa, while the  maximum one  was 
about 60 MPa. 
In upper-right region of Fig. 2 a results window is visible, in 
which  following  quantitative  information  are  given:  (Liczba 
próbek=200)  -  number  of  samples,  (Wsr=248,1)  –  arithmetic 
mean,  (Wsrg=247,1)  –  geometric  mean,  (Mediana=250,4)  – 
median,  (Wmax=299,3)  –  maximum  value,  (Wmin=190,7)  – 
minimum  value,  (R=108,6)  –  range,  (S=21,53)  –  experimental 
standard deviation, (Ssr=1,52) – experimental standard deviation 
of average, (Skos=-0,23) – skewness,  (Eksces=0,26) –kurtosis, 
(Pufn(99,7)=[243,5;  252,7]) –confidence  interval  calculated  for 
confidence  level=99,7.  Comparing  the  obtained  tensile strength 
results    with  analogical  for  AC44200  alloy  [4]  following 
differences should be pointed:  
  higher  average tensile strength of examined alloy 
(of about 10 MPa), 
  lower  standard  deviation  and  average  range 
(adequately: about 1 MPa and about 16 MPa), 
  better  adjustment  of  obtained  data distribution  to 
the  normal  distribution  (lower  skewness  and 
kurtosis). 
 
a) 
 
 
 
b) 
 
 
Fig. 1. Macrograph of fracture surface and  broken test sample: 
a) sample No 6  (234.9 MPa); b) sample No 194 (212.6 MPa) 
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a) 
 
b) 
 
Fig. 2. Tensile strength results analysed by using of JM-SPC software: a) variability of tensile strength in point of view of Xsr- and X-
control charts,  b) ) variability of tensile strength in point of view of Med- and R-control charts A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 6 7 - 172  170 
 
Fracture macrograph,  
No of sample, Rm  
Fracture macrograph,  
No of sample, Rm  
Fracture macrograph,  
No of sample, Rm  
 
12, Rm=190, 7 MPa 
 
126, Rm=205,7  MPa 
 
146,  Rm=206,5 MPa 
 
187, Rm =196,2  MPa 
 
188, Rm=192,7 MPa 
 
190, Rm=193,8 MPa 
 
97, Rm =292,8  MPa 
 
98, Rm=292,3  MPa 
 
118,  Rm=299,3 MPa 
Fig. 3. Fracture surface macrographs and tensile strength results,  examples for samples with: the  lowest tensile strength (a, b, c, d, e, f), 
the greatest tensile strength (g, h, i)     
 
 
 
 
 
 
 
a)  b)  c) 
d)  e)  f) 
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Fracture macrograph, 
No, Rm of sample 
Fracture SEM- micrograph   Fracture SEM- micrograph (magnification of 
the region marked on the left picture   
 
 
 
58, Rm=212,0 MPa 
   
 
 
 
95, Rm=264,6 MPa 
   
 
 
 
144, Rm=273,5 MPa   
 
 
 
 
 
194, Rm=212,2 MPa     
Fig. 4. Examples of fracture surface macrographs and SEM-micrographs (with  rectangle is marked the sample region being showed on 
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In order to get a possibility to compare the fracture surface 
images  of  samples  with  essentially  different  tensile  strength, 
with the help of data from Fig. 2, a nine samples have been 
chosen. Six of them had a lowest tensile strength (samples: a, b, 
c, d, e, f on Fig. 3) and three the greatest (samples: g, h, i).  
An observation of the fracture surface images of samples 
with the greatest value of tensile strength allows to state that 
they are free from visible surface defects. All of samples having 
the lowest tensile strength have a good visible large defects on 
the fracture surface. However, an image of these defects differ 
from observed for AC44200 alloy [4]. Probably the oxide film 
by AC47000 alloy had a lower tensile strength as by AC44200. 
Moreover, analysed fracture surface images may suggest that by 
arising of defects in AC47000 alloy high pressure casting  an air 
entrapment as well as the gas and solidification porosity have a 
greatest  importance, which confirm also the SEM-micrographs 
presented on Fig. 4.  
The    EDS-X-ray  microanalysis  used  for  estimation  of 
chemical composition of oxide inclusions being to found on the 
fracture surface have demonstrated their complex character (one 
example  of  EDS-analysis  is  for  sample  No  144  on  Fig.    4 
presented). 
 
 
3. Conclusion 
 
The main conclusions of this work are: 
 
  internal defects, such how: gas and solidification 
porosity, air entrapment, complex oxide inclusions 
are  the  basic  reason  of  great  variability  of  the 
tensile strength of examined alloy, 
  some  inclusions  can  have  occasionally    a  large 
dimension, even about several millimeters, 
  the locale decreasing of the mechanical properties 
of  the  AC47000  alloy  high  pressure  die  casting 
caused by all of porosity  form  can be the basic 
reason of the  machining splinter formation, 
  by high pressure die casting technology, when the 
liquid  metal  is  manually  poured  into  the  shot 
sleeve  it  can  be  one  of  the  dross  inclusions 
sources, 
  the  simplified  tensile  test  realized  on  samples 
obtained as finished by cast may to be utilized for 
examination of cleanliness of liquid alloys, 
  the  cleanliness  of  liquid  alloys  should  be  also 
controlled by using of the computer aided thermo-
derivative analysis [11], 
  average tensile strength of examined alloy was of 
about 10 MPa higher, as by AC44200 alloy [4], 
  lower  standard  deviation  and  average  range  of 
tensile strength results (adequately: about 1 MPa 
and about 16 MPa) differ the examined alloy from 
described in [4], 
  for  AC47000  alloy  have  been  obtained  a  better 
adjustment  of  the  obtained  data  distribution  to  the 
normal distribution (lower skewness and kurtosis) as 
by AC44200 alloy [4]. 
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